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By linking top of the atmosphere (TOA) radiative fluxes obtained by CERES/'TRMM
with surface measurements of aerosol optical depths obtained with the AERONET instrument at
the Kaashidhoo Climate Observatory (KCO), Satheesh and Ramanathan (2000) derived the first
emprical estimates of the direct aerosol radiative forcing for aerosols over KCO. The goal of this
study isto extend the Satheesh and Ramanathan findings to other oceanic AERONET sites. The
approach uses aerosol models in combination with CERES shortwave radiances for cloud-free
ocean scenes. The aerosol model is used to retrieve optical depth from the CERES shortwave
radiance and then the optical depth is used to generate adiurnally averaged radiative flux. This
flux is matched with a coincident measurement of aerosol optical depth by AERONET. Various
aerosol models were used in order to determine the range of fluxes and aerosol forcing that could
be obtained with this approach. The derived forcing proved to be insensitive to the aerosol
model and consistent with the forcing derived using the fluxes on the SSF and the ADMs used to
generate those fluxes.

SSF Edition 1 and Edition 2 for TRMM (January — August, 1998) were analyzed for
TRMM CERES observations that fell within £ 50 km of an oceanic AERONET Site for which
AERONET observations provided a surface measurement of optical depth within £ 1 hr of the
TRMM overpass. Inorder to determine the aerosol direct effect, the CERES fields of view had
to be cloud-free. Cloud-free CERES FOV'swere identified to be those for which retrievals of the
aerosol optical depth were performed for more than 50% of the VIRS pixels that fell within the
FOV. Other methods for identifying cloud-free CERES FOV s were explored, such as limiting
the variability of the VIRS reflectances within the FOV, but the different approaches gave
identical results.

The aerosol models used to calculate the TOA flux were the average continental aerosol
and tropical marine models described by Hess et al. (1998) and the NOAA Phase 2 model
described by Stowe et al. (1997). The effects of cloud contamination within the CERES FOV's
identified as being cloud-free were illustrated by the shiftsin the retrieved optical depths
obtained using 1) the subset of VIRS channel 1 radiances used to determine the optical depth



reported on the SSF and 2) the VIRS radiances averaged over the CERES FOV. Theretrieved
optical depths obtained using the averaged radiances were greater than those obtained using the
subsetted radiances. As might be expected, the optical depths obtained using the CERES
shortwave radiances generally showed poorer agreement with the AERONET optical depths than
that obtained with the VIRS radiances. For the broadband shortwave radiances, the aerosol
signal must be detected against the background of Rayliegh scattering, which islarger for the
broadband reflectance than for the narrow channel reflectance of VIRS, and the additional
variability due to variations in ozone and water vapor.

All estimates of the sensitivity of the TOA shortwave flux to aerosol optical depth fell
within the uncertainty derived for the slope of the TOA flux-optical depth linear regression. The
value obtained for Kaashidhoo, —31 (+9) Wm™ per unit optical depth at 0.67 um agrees with the
value derived by Satheesh and Ramanathan (2000), —25 Wm™. The similarly low values
obtained for the Dry Tortugas and Barbados in the Caribbean suggest that the aerosol over those
sites are also strongly absorbing like the aerosol over Kaashidhoo. The large sensitivities found
for Bermuda, San Nicolas, and Lanal, are near the limits of what is expected for a nonabsorbing
aerosol composed of small particles, asisthe case for the NOAA Phase 1 aerosol model. Since
such large sensitivities might be caused by cloud contamination, the criteria used to identify
cloud-free CERES FOV s were altered to determine the effect of the contamination. Despite the
large impact of the cloud contamination evident in the retrieved aerosol optical depths, the
contamination had little effect on the estimated aerosol direct radiative forcing.

Estimates of the aerosol direct radiative forcing derived using CERES shortwave
radiances and an aerosol model with simultaneous surface observations of aerosol optical depth
proved to be insensitive to the aerosol model. The results were consistent with those obtained
using the radiative fluxes and the ADMs used to produce the radiative fluxes on the SSF.
Distinctly different aerosol forcing was found in different regions. Low values are probably
associated with strongly absorbing aerosols. High values are difficult to reconcile with realistic
aerosol models, but suggest the presence of a nonabsorbing aerosol with small particles. The
effects of cloud contamination on the findings appeared to be negligible.
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GOAL: peduce aerosol direct effect using CERES

SSF radiances and AERONET optical depths
following Satheesh and Ramanathan (2000).



Method

 |dentify cloud-free CERES fields of view
« Determine aerosol optical depth

IA(TA’91¢’HO)_ IAO(0’9’¢’00):CA(9’¢’90)T/]

Where

T, isthe optical depth at a reference wavelength.

I/]O(O,H,¢,90) IS the radiance for an aerosol-free atmosphere.

C, (9, @, 90) is almost independent of aerosol optical depth.

» Use retrieved optical depth and radiative transfer
model to determine TOA radiative flux.



Aerosol Direct Radiative Effect
F=Ar, +F

where

A IS the sensitivity of the TOA flux to the aerosol
(Wm-2 per unit optical depth) and is given by the
slope of the linear least-squares fitof F —F, tothe
AERONET optical depth, I ; .

FO is the aerosol-free TOA flux.

Note: Determination of A will prove to be independent of the
radiative properties of the aerosol.
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A SSF 7= (0.763 + 0.207) X 7 + ( 0.013 £ 0.071)
BIAS = 0.030 RMS = 0.056 7 = 0.880 N = 11
7 = (0.451 + 0.204) X 7o + ( 0.076 + 0.081)
BIAS = 0.038 RMS = 0.081 r = 0.785

© CONTINENTAL 7 = ( 0.465 + 0.210) X T + ( 0.078 + 0.080)
BIAS = 0.028 RMS = 0.079 = 0.785

7 =(0.431 + 0.187) X T + ( 0.081 £ 0.078)
BIAS = 0.037 RMS = 0.085 7 = 0.794 N = 10

X NOAA-2

+ MARINE

AERONET and
Retrieved Optical
Depths

 Retrievals based on VIRS
channel 1 radiances for
CERES FOV’s having at
least 50% of VIRS pixels
yielding optical depth
retrievals.

e SSF results limited to cross
track observations.

« AERONET observations
within = 1 hour.

e CERES observations within
50 km.



AERONET 0.67—um OPTICAL DEPTH

Check of Cloud Contamination for
CERES Field of View

VIRS—CROSS TRACK RETRIEVAL RADIANCES
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T = (0.763 + 0.207) X T + ( 0.013 £ 0.071)
BIAS = 0.030 RMS = 0.056 r = 0.880 N = 11
T = (0.451 £ 0.204) x 7y + ( 0.076 + 0.081)
BIAS = 0.038 RMS = 0.081 » = 0.785

T = (0.465 + 0.210) x T + ( 0.078 % 0.080)
BIAS = 0.028 RMS = 0.079 7 = 0.785

T = (0.431 £ 0.187) X Ty + ( 0.081 % 0.078)
BIAS = 0.037 RMS = 0.085 7 = 0.794 N = 10
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T = (0.763 £ 0.207) X Teq + ( 0.013 + 0.071)
BIAS = 0.036 RMS = 0.055 r = 0.880 N = 11
T = (0.307 + 0.184) x T + ( 0.094 % 0.087)
BIAS = 0.076 RMS = 0.107 » = 0.713

T = (0.286 + 0.182) X Ter + ( 0.102 % 0.088)
BIAS = 0.067 RMS = 0.111 7 = 0.697

T = (0.353 £ 0.177) X Teq + ( 0.084 + 0.083)
BIAS = 0.073 RMS = 0.099 7 = 0.759 N = 10



AERONET 0.67—um OPTICAL DEPTH

Optical Depth Retrieved with CERES
Shortwave Radiance
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F=(31 + 971+ 1% 2

F=(25+13)r+ 5 + 4

O CONTINENTAL, F = (28 +14)T + 5 + 4

+ MARINE,
N =11

F=(29 +13)7 + 4 % 4

0.35

Diurnally Averaged

TOA Flux and
AERONET Optical
Depth

CERES estimate based on
directional model derived from
ADMs.

Flux sensitivity is insensitive to
aerosol model.

Sensitivities consistent with
25 Wm-2 obtained by Satheesh

and Ramanathan (2000).



AERONET 0.67—um OPTICAL DEPTH

Check of Cloud Contamination

VIRS—CROSS TRACK RETRIEVAL RADIANCES
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Optical Depths Retrieved using CERES
Shortwave Radiance

AERONET 0.67—um OPTICAL DEPTH
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T =(0.765 £ 0.072) X Tea + ( 0.001 £ 0.037)
BIAS = 0.044 RMS = 0.036 7 = 0.954 N = 25
7= (0.738 £ 0.045) X T,q + (-0.009 = 0.032)
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7= (0.765 £ 0.072) X Tee + ( 0.001 £ 0.037)
BIAS = 0.044 RMS = 0.036 7 = 0.954 N = 25
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Aerosol Models

« NOAA Phase 1, (Stowe et al. 1997)
A =52 Wm-2 per unit 0.55-um optical depth.
« NOAA Phase 2, (Stowe et al. 1997)
A = 36 Wm-2 per unit 0.55-um optical depth.
 Average Continental, (Hess et al. 1998)
A = 27 Wm= per unit 0.55-um optical depth.
o Tropical Marine, (Hess et al. 1998)
A = 34 Wm-2 per unit 0.55-um optical depth.

Calculations for March 1 at the equator for 0.55-m optical depth of 0.3.



Optical depth retrieval performed

Check of Cloud Contamination

for 10% of CERES FOV
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Optical depth retrieval performed
for 80% of CERES FOV

VIRS—CROSS TRACK AVERAGE RADIANCES
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Diurnally Averaged TOA Flux and AERONET
Optical Depth

Optical depth retrieval performed for Optical depth retrieval performed for

10% of CERES FOV
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Why Is the derived forcing insensitive to
aerosol optical properties?

Anisotropy of cloud-free ocean scene depends mainly
on Rayliegh scattering and ocean reflectance and
depends only weakly on aerosol properties.

Departure of the TOA radiative flux from aerosol-free
value is linearly proportional to departure of shortwave
radiance from aerosol-free value.

Departure of shortwave radiance from aerosol-free
value is linearly proportional to AERONET optical depth.



TOA Flux Sensitivity to Unit Aerosol
Optical Depth

Aeronet Site Mean Flux Sensitivity Cloud-Free
AERONET Forcing
067'Hm Optical (Wm per unit 0.67-um (Wm?)
depth optical depth)

Barbados 0.15 31+5 4.6

Bermuda 0.13 54 +6 7.0

Dry Tortugas 0.16 227 3.5

Kaashidhoo 0.16 31+9 5.0

Lanai 0.07 49 + 11 3.4

San Nicolas 0.07 57 +7 4.2




Conclusions

 Distinctly different sensitivities of the TOA flux to aerosol
optical depths are found in different locations. In some
locations, rather large sensitivities are encountered.

o Sensitivities appear to be insensitive to the degree of
cloud contamination.

 Because the anisotropy of the cloud-free ocean is
governed primarily by the ocean and Rayleigh scattering,
estimates of the radiative forcing due to aerosols obtained
by correlating AERONET optical depths with estimates of
the TOA shortwave flux obtained from optical depths
retrieved for the shortwave radiances are relatively
Insensitive to the aerosol model.



